Interference of allelochemicals present in some multipurpose trees on growth and development of adjoining crops necessitate the evaluation of the compatibility of the tree with various crops before integration into an agroforestry system. The allelopathic potential of Tetrapleura tetraptera (Schum and Thonn.)Taub, a multipurpose tree, considered as a potential agroforestry species, was examined using aqueous leaf extracts at different concentrations in laboratory bioassays. The extractions were done for 24 h and 48 h durations. The extracts stimulated production of lateral roots in Lycopersicon esculentum Mill. but inhibited it in Abelmoschus esculentum L. The 24 h extract significantly reduced shoot length at 25% concentration and above in Amaranthus spinosus L. while the 48 h extract significantly stimulated it at the same concentrations in L. esculentum and A. esculentum. However, both shoot and root lengths of Capsicum annum L. were significantly inhibited at all extract concentrations up to 79 and 73% respectively. Significant inhibition of root length at almost all concentrations in all the bioassay species showed that root length is a more sensitive indicator of phytotoxic activity. The degree of inhibition increased with increasing concentration of the 24 h extract.
Introduction
Trees, especially multipurpose ones, are becoming an integral part of agriculture in agroforestry programmes. This practice increases productivity, improves soil quality, microclimate, nutrient cycling, conserves soil and increases overall productivity (Singh et al., 2001) . A number of trees do, however, negatively affect performance of crops through allelopathy. These include Leucaena leucocephala, Populus deltoides, Eucalyptus and Acacia species (Bansal et al., 1992; Ralhan et al., 1992; Bora et al., 1999; Singh et al., 1999a,b) . Allelochemicals are found in all plant parts; roots, stems, rhizomes, flowers, inflorescences and leaves (Putnam, 1988) . Often, the release of these allelochemicals from the decomposing litter affects seed germination, growth and development of adjoining crop plants in agroforestry systems. It is therefore important that the allelopathic compatibility of crops with trees be determined before incorporating them into the agroforestry system as phytotoxins released by some intercrop trees could affect the establishment or development of food and fodder crops (King, 1979; Rice, 1979) . Seedling growth bioassays have frequently been reported to be more sensitive than germination bioassays (Leather and Einhellig, 1985) . Kamara et al. (1999) reported strong allelopathic activity of Tetrapleura tetraptera leaf extracts on cowpea germination and early development as well as a reduction of cowpea dry matter in pot experiments irrespective of mulch management. A differential response was observed, however, in maize (Kamara et al., 2000) . Similarly, Lal (1989) reported a significant reduction of germination and seedling establishment of cowpea in Gliricidiaand Leucaena-based systems. However, similar treatments did not affect maize.
To our knowledge, there is presently a paucity of information on the phytotoxic effect of T. tetraptera on agricultural crops. This study investigated the phytotoxic activity or allelopathic potential of aqueous extracts of T. tetraptera on some agricultural crops. T. tetraptera is a leguminous multipurpose tree (Mimosoideae) indigenous to tropical Africa. It thrives in lowland forest areas. Adewunmi (1993) has suggested the cultivation of this plant along water courses due to its potential for the local control of schistosomiasis. We wished to determine whether leaf extracts of this tree have allelopathic effects on a number of crops in order to ascertain possible crop responses upon their integration with T. tetraptera in agroforestry systems.
Materials and methods
Leaves of T. tetraptera (Schum and Thonn.) Taub were collected from Nsukka, Enugu State in Nigeria. Freshly senescent leaves (400 g) were soaked in 2 l of distilled water at room temperature for 24 or 48 h. The crude extracts were filtered and diluted with distilled water which served as control. The extract concentrations used were 100%, 75%, 50%, 25% and 10% respectively.
The agricultural crops selected were Lycopersicon esculentum Mill., Abelmoschus esculentum L., Amaranthus spinosus L., Capsicum annum L. and Solanum melongena L. Following an imbibition period of 10-15 min, ten seeds of each of the crops were placed in a Petri dish lined with a double layer of Whatman no. 1 filter paper moistened initially with 5 ml of the prepared aqueous extracts. One ml of the extracts were subsequently added daily to keep the filter paper moistened. Each treatment had five replicates and the Petri dishes were kept at 25 ± 2°C for 14 days.
At the end of the 14 days, the length of the primary root, length of the main shoot, and the number of lateral roots were measured and recorded. The data were subjected to analysis of variance and the mean values separated using Duncan's Multiple Range Test at a 5% probability level. The statistical analysis was done using SPSS/PC version 11 software. Percentage inhibition or stimulation relative to control was calculated using the formula
where I = percentage inhibition or stimulation, R 1 = response of control crop and R 2 =response of tested crop. Table 1 shows the mean shoot lengths of the assayed crops when using different extract concentrations. C. annum displayed significant inhibition at all extract concentrations; the level of which increased with increased extract concentration up to 75%. Only two of the crops (L. esculentum and A. esculentum) produced lateral roots. A significant inhibitory effect on the number of lateral roots was observed at all concentrations of both the 24 and 48 h extracts in A. esculentum (Table 2) .
Results and discussion
The root length of all the assayed crops was significantly inhibited at 50% extract concentration and above (Table 3 ). The consistent inhibition of root length reveals that it is a very sensitive indicator of phytotoxic activity. Similar findings were reported by other workers (Meissner et al., 1982; Chaturvedi and Jha, 1992; Antonio et al., 1999; Uddin et al., 2000) . Rafiqul Hoque et al. (2003) observed that many bioassay species lose their ability to develop normally as a result of reduced radicle elongation and root necrosis. The significant increase in degree of inhibition of root length with increased concentration of the 24 h extract observed in this study agrees with these observations (Ballester et al., 1982; Rafiqul Hoque et al., 2003) . These authors also reported that the effects of plant extracts are dependent on their concentrations. Einhellig (1986) similarly reported that the biological activity of allelochemicals is concentration dependent with a response threshold below which growth is stimulated in some instances.
The inhibitory effects observed with all the tested agricultural crops in the absence of interference by soil microflora further indicate the allelopathic potential of T. tetraptera leaf extracts. Such inhibitory effects are caused by allelochemicals interfering with physiological processes in receptor plants, resulting in a reduction of plant growth and development with subsequent yield reduction (Von Renesse, 1997; cited by Kamara et al., 1999) . Putnam (1988) reported that such allelochemicals are frequently secondary plant products such as phenolics, terpenoids or organic acids, which are or can be transformed into germination-or growth-inhibitory compounds. The allelopathic activity observed in T. tetraptera extracts could be attributed to its constituent triterpenoid saponins, coumarinic and phenolic compounds (Adesina et al., 1980) . Kayode (2005) , while evaluating the allelopathic influence of Parkia biglobosa on cowpea, observed that the degree of inhibition of the radicle appeared to be more prominent with an increase in the time of extraction. Kim and Kil (1987) also reported the inhibition of aqueous extracts of leaves, stems, and roots of tomato on germination and seedling growth of test species. The phytotoxicity of the extracts increased with increasing time of extraction. In this work, similar results were observed at some concentrations of the 48 h extract in A. esculentum and S. melongena. However, the reverse is the case in C. annum and A. spinosus at some concentrations (Table 3 ). Both the shoot and root lengths of C. annum were significantly inhibited at all concentrations of the extracts. Prati and Bossdorf (2004) reported that the degree of allelopathic interference is species-specific and can even vary within species. Einhellig (1986) observed that the inhibition threshold varies with the plant process involved and the sensitivity of the receiving species. The varying degree of inhibition observed in the different crops used in this work highlights their differential responses and the need to evaluate the allelopathic compatibility of crops with trees before their introduction into the agroforestry system. However, long-term field studies are needed to test this allelopathic effect under more natural conditions since the physicochemical characteristics of the soil and the microbial activity could mitigate or intensify this effect (Kamara et al., 1999) . The allelopathic potential of T. tetraptera roots and its relative importance to inhibition of crop growth by leaves also need to be examined.
